
DESCRIPTION 

STIFFNESS-TAPER TUBING AND THE MANUFACTURING METHOD AND 
MANUFACTURING APPARATUS FOR SUCH TUBING 

TECHNICAL FIELD: 

This invention relates to stiffness-taper tubing, that is 

formed by joining two or more resin materials having different 

stiffness such that the stiffness along its length gradually 

changes, and to the manufacturing method and manufacturing 

apparatus for such tubing. The stiffness-taper tubing of this 

invention is suitable for use in medical applications such as a 
catheter . 

BACKGROUND ART: 

Conventionally, a two-layer extrusion-type formation 
apparatus was used when using two types of resin materials having 
different stiffness to form stiffness-taper tubing. The 
stiffness-taper tubing was formed such that there was a stiff 
section made from a first resin, having much stiffness in the 
longitudinal direction, a soft section made from a second resin, 
having little stiffness, and a transition section between these 
two sections in which the stiffness gradually changed (stiffness 
taper section). For this kind of stiffness-taper tubing, the 
first resin and then the second resin is supplied to the two-layer 
extrusion-type formation apparatus, and the transition section is 
formed when switching between resins and the first resin is 
gradually replaced by the second resin. 
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When this kind of stiffness-taper tubing is used in medical 
applications such as a catheter, a joint between both resin 
materials in the transition section that is adequately strong is 
required, and it is desired that the length of the transition 
section be long enough to be able to maintain its function as a 
catheter, but also be as short as possible in order to improve 
0 p e r a b i 1 i t y . 

Fig. 7 is a horizontal cross-sectional diagram of a two-layer 
extrusion-type formation apparatus that the inventors used before 
developing the present invention. 

This two-layer extrusion-type formation apparatus 30 
comprises a die having an extrusion hole 31, a die holder 34 for 
holding the die by way of a bolt 33, and a mandrel 35 that is 
mounted such that it faces the extrusion hole 31. The mandrel 35 
is attached to and held by the die holder 34 by way of an inner- 
layer mandrel holder 36 and outer-layer mandrel holder 37. The 
inner-layer and outer-layer mandrel holders 36, 37 are nearly 
conical shaped, and there is a guide cavity 38 formed all the way 
around the tip of the cone for supplying resin to the mandrel 35. 

On both of the outer sides of the die holder 34 there are 
switching devices 39, 49 for switching between and supplying the 
different types of resins A and B. The switching devices 39, 40 
are connected respectively to the resin A supply port 43 and resin 
B supply port 45, that are located on the die holder 34. There 
are heaters 47 on the die holder 34 and switching devices 39, 40 
for keeping the resins soft. 

The switching device 39 for supplying resin A comprises a 
switching valve 41, and a resin A inlet 42 that is connected to 
the resin A extruder. Resin A is supplied to the resin A supply 
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port 43 on the die holder 34 as the switching valve 41 turns. The 
resin A, that is supplied to the resin A supply port 43, is 
supplied to a channel 49 in the outer-layer mandrel holder 37 by 
way of a connection path 44, and then supplied to the guide cavity 
38 on the tip by way of this channel 49 and drawn out from the 
ext r us ion hole 31 by way of a ring-shaped space on the outer 
surface of the mandrel 35. 

Similarly, resin B passes through the resin B supply port and 
connection path 46 and is supplied to the guide cavity 38 by way 
of the channel 49 in the inner-layer mandrel holder 36, and then 
is drawn out from the extrusion hole 31 by way of the ring-shaped 
space on the outer surface of the mandrel 35. 

When either resin A or resin B is selected by the switching 
device 39, 40 and supplied to the die holder 34, the resin that is 
not selected passes through the switching valve 41 of the 
respective switching device 39 or 40 and is discharged through the 
resin discharge port (not shown in the figure). At that time, 
part of the resin that was not selected remains in the resin 
supply ports 43, 45 of the switching devices 39, 40 and the die 
holder 34, in the connection paths 44, 46, in the channels in the 
inner-layer and outer-layer mandrel holders 36, 37 and in the 
guide cavity 38, and remains there until the resin is switched and 
fed agai n . 

The mandrel 35 is fastened to the end of a shaft 48. The 
center axis of this shaft 48 is coaxial with the center axis of 
the extrusion hole 31 in the die 32. This shaft 48 is fastened to 
and held inside the die holder 34 by fastening it on the inside of 
the inner-layer mandrel holder 36. During use, a core member 
passes along the axis of, for example the shaft 48, mandrel 35 and 



3 




extrusion hole 31, and melted resin, that was selected by the 
switching device, is supplied from the extrusion hole 31 and flows 
around this core member to form tubing. 

In this kind of two-layer extrusion-type formation apparatus 
30, two kinds of resin are mixed at the point C in the figure 
where the respective cavity 38 opens up to the con i cal -shaped 
inlet of the extrusion hole 31 in the die 32, and the mixed resin 
is discharged in a formed shape from the outlet of the extrusion 
hole 31 at point D in the figure. Moreover, when the two kinds of 
resins are alternately switched and supplied to the die 32, at the 
time of switching, the first resin fills the space from the 
extrusion hole 31, between the mixing point C at the die inlet and 
the discharge point D at the die outlet, and the mandrel 35. The 
resin that fills the space between this mixing point C and 
discharge point D is then replaced by the next resin after 
switching. The transition section becomes the part from the start 
of replacement to the end of replacement. 

However, in the inventor's prior 2-layer extrusion-type 
device, the cavities 38 for both the inner-layer 36 and outer 
layer 37 open up at the mixing point C, so the volume between this 
mixing point C and discharge point D becomes large, and as a 
consequence the length of the transition section becomes long. 

The length of the transition section is proportional to the 
time required for resin replacement. By taking the volume between 
the mixing point C and the discharge point D (called the joint- 
flow volume below) to be V, and taking the inflow rate of resin B, 
when going from 100% resin A to 100% resin B in this joint-flow 
volume V to be q, then the time T required for replacement is 
given by the following equation: 
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T = V/q + T1 

(T1 is a constant that is determined by the mixing efficiency of 
resin A and resin B.) Moreover, the time T required for 
replacement becomes longer as the joint-flow volume V becomes 
larger. In other words, when the joint-flow volume V is large, 
the time T required for replacement becomes long and the length of 
the transition section becomes long in accordance. 

Furthermore, in the prior two-layer extrusion-type formation 
apparatus, the resin supply path from the respective supply ports 
43, 45 for resin A and resin B to the mixing point C becomes long 
and its volume becomes large. In addition, the amount of resin 
that remains in the resin supply path during switching becomes 
large, and while waiting, this residual resin is heated by the 
heaters and there is a possibility that its quality could be 
altered or become degraded. 

Moreover, when forming stiffness-taper tubing with the prior 
two-layer extrusion-type formation apparatus, the second resin is 
supplied such that it pushes the residual first resin when the 
resin is switched, so there is hardly any mixing between the two 
resins at the interface between them, and the tubing is formed 
with a clear interface (contact plane) between the two resins. 
The two resins are joined with the two resins in contact with each 
other through this kind of distinct interface, so it is not 
possible to obtain adequate bonding strength, and there is the 
possibility that the tubing will come apart at the joint surface 
in the transition section. 

On the other hand, a catheter having a transition section in 
which the stiffness changes from a rigid section to a soft section 
has been disclosed in US Patent No. 5533985, US Patent No. 5622665 
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and Japanese Patent No. H9-512445. In the transition section of 
the catheter in these disclosures, an interface with a wedge- 
shaped cross section is formed by switching between two resin 
materials such that the first resin bites into the later resin. 
This kind of wedge-shaped contact surface was formed probably due 
to the fact that there is very little mixing between the two 
resins at the interface. When the two resins are joined with this 
kind of surface contact, it is not possible to obtain adequate 
bonding strength, and there is the possibility that the tubing 
will come apart at the wedge-shaped joint surface in the 
transition section. 

DISCLOSURE OF THE INVENTION: 

Taking the above problems into consideration, the object of 
this invention is to provide stiffness-taper tubing and a 
manufacturing method and apparatus for such, in which the bonding 
strength in the transition section between resins having different 
stiffness is increased, and where the length of the transition 
section is shortened in order to maintain the function of the 
tubing to meet the conditions of use and improve operability, and 
furthermore where the volume of residual resin when switching 
resins is reduced as well as the degradation of the quality of 
residual resin due to heating is suppressed. 

In order to accomplish the aforementioned objectives, the 
present invention provides stiffness-taper tubing in which at 
least a first resin and second resin, having differing stiffness, 
are joined such that the stiffness of the tubing gradually changes 
in the longitudinal direction, and where simple surface contact in 
a transition section between the first resin and second resin is 
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broken and a section where both resins are uniformly mixed is 
formed. 

With this structure, by extruding and replacing resin while 
at the same time mixing both resins when switching the two kinds 
of resins in forming a transition section, a section where simple 
surface contact in a transition section between the first resin 
and second resin is broken and a section where both resins are 
uniformly mixed is formed and the bonding strength is increased. 

Simple surface contact is generally contact between flat or 
curved surfaces. Moreover, the section where both resins are 
uniformly mixed is not only a state of completely uniform mixture, 
but includes a state where an identifiable interface such as an 
inclined surface or wedge-shaped interface is broken down to some 
extent and both resins are alternately scattered. 

Moreover, this invention provides a method of manufacturing 
stiffness-taper tubing which uses an extrusion mold comprising a 
die having and extrusion hole, a die holder for holding this die, 
and a mandrel that is mounted in this die holder and which fits 
inside the extrusion hole; and where the tubing is formed such 
that the stiffness changes gradually and continuously in the 
longitudinal direction by using a first resin and second resin 
that have different stiffness, and where the first resin and 
second resin are mixed in a cylindrical space that is formed 
between the die holder and mandrel. 

With this structure, both resins are mixed inside the 
cylindrical space between the die holder and mandrel and which is 
in front of the die, so both resins are sufficiently mixed inside 
this cylindrical space before reaching the extrusion hole in the 
die, thus making it possible to increase the bonding strength in 



the transition section. The cylindrical space is the space formed 
between the inner surface of the hole formed in the die holder for 
inserting the mandrel and the outer surface of the cylindrical 
shaped mandrel. This cylindrical space improves the mixing action 
as well as makes it possible to reduce the joint-flow volume, thus 
making it possible to shorten the length of the transition section 

Furthermore, this invention provides an apparatus for 
manufacturing stiffness-taper tubing comprising a die having an 
extrusion hole, a die holder for holding this die, and a mandrel 
that is mounted in this die holder and which fits inside the 
extrusion hole; and where there are a plurality of resin-supply 
ports in the die holder from which resins having differing 
stiffness are switched and supplied to the mandrel in order to 
form tubing such that the stiffness changes gradually and 
continuously in the longitudinal direction, and furthermore where 
the insertion hole for the mandrel connects with the extrusion 
hole in the die holder and the mandrel is mounted inside this 
insertion hole, and the plurality of resin-supply ports open up to 
the cylindrical space that is formed between the inner surface of 
the mandrel insertion hole and the outer surface of the mandrel, 
at a position that is separated by a distance from the extrusion 
hole in the die, and a plurality of resins flow together inside 
this cylindrical space. 

With this structure, a location is formed in the cylindrical 
space for mixing both resins, and in this space it is possible to 
obtain suitable mixing action, as well as it is possible to 
shorten the distance to the supply ports for both resins, making 
it possible to reduce the amount of residual resin that exists at 
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the time of switching, and suppress any changes or deterioration 
in quality of the resin due to heating of the residual resin. 

In a preferred form, the mandrel inside the mandrel insertion 
hole is a multiple-thread screw, and the screw grooves are divided 
into a plurality of positions by forming the screw such that the 
threads, which form the screw grooves, stop part way and then new 
threads start from an adjacent offset position. 

With this structure, each thread groove of the multi-thread 
screw (screw with two or more threads) is divided part way, and 
the resins in the grooves are intricately mixed together to break 
down simple surface contact between both resins and to form a 
dispersed mixed state which increases the bonding strength. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

Fig. 1 is a schematic diagram of the stiffness-taper tubing 
manufacturing apparatus of an embodiment of the present invention. 

Fig. 2 is a schematic diagram of another embodiment of the 
invention. 

Fig. 3 is a schematic diagram of yet another embodiment of 
the invention. 

Fig. 4 is a schematic diagram of still yet another embodiment 
of the invention. 

Fig. 5 is an expanded drawing of the embodiment in Fig. 4. 

Fig. 6 is a cross-sectional view of section A-A in Fig. 5. 

Fig. 7 is a schematic diagram of the prior two-layer 
extrusion-type formation apparatus. 

BEST MODE FOR CARRYING OUT THE INVENTION: 

The preferred embodiments of the present invention are 
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explained with reference to the drawings. 

Fig. 1 is a schematic diagram explaining the stiffness-taper 
tubing of an embodiment of the present invention. 

The extrusion-type formation apparatus 1 of this stiffness- 
taper tubing manufacturing apparatus comprises; a die 3 having an 
extrusion hole 2, a die holder 4 which holds this die 3, and a 
mandrel 5 that is mounted inside this die holder 4. The mandrel 5 
is inserted into a mandrel insertion hole 6 that is formed in the 
die holder 4 and held by the die holder 4. The tip of the mandrel 
5 fits inside a conical inlet 2a of the die 3. A cylindrical 
space 7 is formed between the outer surface of the mandrel 5 and 
the inner surface of the mandrel insertion hole 6, and the inner 
surface of the conical inlet 2a on the extrusion hole 2. 

A supply port for resin A 8 and a supply port for resin B 9 
open up to this cylindrical space 7. In addition, the position 
where these resin supply ports 8, 9 open up to the cylindrical 
space 7 is the aforementioned mixing point C for the resins, and 
the outlet of the extrusion hole 2 of the die 3 is the discharge 
point D. The joint-flow volume V between these points C, D can be 
made very small because the diameter of the cylindrical space 7 is 
small and the width of the space is thin. In this way, it is 
possible to reduce the time required for replacement when 
switching resins and shorten the length of the transition section. 

When forming stiffness-taper tubing, first only resin A (the 
first resin) is supplied from the resin A supply port 8, and the 
resin A section is formed using only resin A. When doing this, 
the resin is discharged from the extrusion hole 2 while pulling 
out a core member 10 that is inserted in the center of the mandrel 
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5, and tubing with an inner diameter that corresponds to the 
diameter of the core member 10 is formed. Next, supplying of 
resin A stops, and only resin B (the second resin) is supplied 
from the resin B supply port 9. 

At this time, the previous joint-flow volume V, including the 
cylindrical space 7 in the die holder 4, is already filled with 
resin A. From this state, resin A is gradually replaced with 
resin B. As resin B moves into the cylindrical space 7 it 
replaces resin A. The volume of this cylindrical space is very 
small so, as described above, it is possible to reduce the time 
required for replacement and shorten the length of the transition 
section. 

The transition section, where the resins A and B are mixed by 
way of the cylindrical space 7, is formed in this way, and after 
all of resin A has been replaced by resin B in the cylindrical 
space 7, the resin B section is formed with only resin B. In this 
way, the stiffness-taper tubing is formed by extrusion. 

In this cylindrical space 7, it is possible to add a means 
for actively mixing the resins while they flow. By doing so it is 
possible to form a mixed section where the simple contact state 
between the resins is broken down and the resins are uniformly 
mixed, and thus it is possible to improve the bonding strength. 
This kind of mixing means is described later. 

Moreover, in the embodiment shown in Fig. 1, the resin supply 
ports 8, 9 are close to the supply sources of the resins so while 
one resin is being supplied, the volume of the other resin that 
remains decreases, so any possibility of changes in quality or 
deterioration due to heating of the residual resin decreases, 
making it possible to obtain high-quality extrusion tubing. 
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The mandrel 5 is depicted in the figure as a single 
cylindrical member that is long in the axial direction, however, 
it is possible for the tip to be removable such that it can be 
replaced with a tip that fits the shape of conical inlets 2a of 
various kinds of dies 3. 

Also, when switching between resins A and B, it is possible 
to switch from resin A to resin B by gradually reducing the amount 
of resin A that is supplied while gradually increasing the amount 
of resin B that is supplied in order to keep the total supplied 
amount of both resins constant. 

Fig. 2 is a schematic diagram explaining another embodiment 
of the invention. In this embodiment, there is a means for mixing 
the resins inside the cylindrical space 7 of the embodiment shown 
in Fig. 1 . 

In this embodiment, a multiple-thread screw 11 is formed on 
the mandrel 5 as the means for mixing the resins. Each of the 
supply ports 8, 9 for the resins A, B face and open up to a 
different adjacent screw groove. The height of the threads 
gradually becomes lower as the threads advance forward. The 
resins that are supplied from each of the resin supply ports 8, 9 
go over the threads in the axial direction as they gradually wind 
forward along the respective screw grooves. By doing this both of 
the resins are actively mixed in the cylindrical space 7 between 
the inner surface of the mandrel insertion hole 6 and the outer 
surface of the mandrel 5 (in this embodiment the inside is a screw 
shape). Through this active mixing, any simple contact between 
the resins A and B is broken down, and a section where the two 
resins are uniformly mixed is formed. In this way, the resins are 
firmly joined in the transition section, and the reliability of 
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the bond is increased. The other construction and effects are 
similar to those of the embodiment shown in Fig. 1. 

Fig. 3 is a schematic diagram explaining yet another 
embodiment of the invention. This embodiment shows an example of 
a different means for mixing the resins. 

In this embodiment, screws 12a, 12b, and 12c are formed on 
the mandrel 5 such that the ends of pairs of screw grooves overlap 
in order. The resin supply ports 8, 9 open up to the same screw 
groove of the first screw 12a. The supplied resin spirals forward 
following the threads of the first screw 12a, then moves to the 
screw groove of the next screw 12b and moves forward, and finally 
moves to the screw groove of screw 12c and moves forward. By 
changing screw grooves while moving forward in a spiral motion, it 
is possible to improve the mixing action of the resins when 
switching between resins. In this case, the height of the threads 
may gradually become lower as the threads advance forward in the 
same way as in the embodiment shown in Fig. 2. The other 
construction and effects are similar to those of the embodiment 
shown in Fig. 2 . 

In each of the embodiments described above, the mixing action 
can be further improved by rotating the mandrel 5. Moreover, the 
number of kinds of resins used in forming the tubing is not 
limited to two kinds, and it is possible to use three or more 
kinds of resin. 

Fig. 4 is still another embodiment of the invention. This 
embodiment is an example of changing the screw section of the 
mandrel. Fig. 5 is an expanded drawing of the embodiment and Fig. 
6 is a cross-sectional view of the section A-A in Fig. 5. 
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The mandrel 13 of this embodiment (only the screw section is 
shown) is an example of the mandrel 5 shown in Fig. 2 in which the 
multiple-thread screw has been changed. Facing each starting 
portion of the screw groove 'a' and the screw groove 'b', the supply 
port 8 of the first resin (resin A) and the supply port 9 of the 
second resin (resin B) open up from the die holder 4 (see Fig. 2), 
respectively. The screw groove 'a' is divided into two by a 
thread 't5' at a point of division 'a1'. In other words, at this 
point of division 'a1', the screw thread ' t4' stops part way, and 
there is a new screw thread ' t5' that is formed adjacent to it. 
The screw groove 'a' is divided in this way. 

Similarly, screw groove ' b' is divided into two by a screw 
thread ' t6' at the point of division 'b1'. The divided multiple- 
thread screw is further divided into two in a similar manner at 
points of division ' a2' and ' b2' . As can be seen from the figure, 
the screw threads, 'tT, ' t3' , 't5',..., 'tir that are evenly 
spaced from the supply port 8 in the axial direction, are opposite 
from threads ' t2' , ' t4' , ' t6\ . . . , 't12' that are evenly spaced 
from the supply port 9, and are such that threads 't1' and ' t4' , 
' t3' and ' t2' , ' t5' and ' t8' , ' t7' and ' t6' , ' t9' and 't12' and 
't11' and 't10' are connected. Also, screw threads (1) to (6) in 
cross-section A-A are connected to the threads ' t3' , ' t5' , ' t7' , 
' t9' , ' tir and ' t12' . 

By feeding the resins through these screw grooves that have 
been repeatedly divided in this way, both resins are intricately 
mixed at the interface when switching between resin A and resin B, 
thus breaking down the state of surface contact and dispersing the 
resins such that they are mixed uniformly or almost uniformly. 
The embodiment described above is of a double thread screw, but it 
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is also possible to use a triple-thread or other multiple-thread 
screw . 

INDUSTRIAL APPLICABILITY: 

As explained above, in this invention, the previous and later 
resins are adequately mixed when switching between and extruding 
in order the different resins, so the bonding strength in the 
transition section is high and there is no possibility of the bond 
coming apart, thus it is possible to obtain highly reliable 
stiffness-taper tubing. In other words, by extruding and 

replacing the resin while mixing the resins in the transition 
section, the resins are mixed uniformly with no inclined surfaces 
or wedge-shaped surface contact in the interface between the 
resins, so the bonding strength between the resins is increased. 

Moreover, the volume of the mixed space after the different 
resins are mixed until they are discharged from the die is reduced, 
making it possible to shorten the length of the transition section. 
Furthermore, the volume of residual resin that is waiting for the 
resin to be switched is reduced, and therefore it is possible to 
suppress any change in quality or deterioration due to heating of 
the resin, making it possible to obtain high-quality stiffness- 
taper tubing. 

When this invention is used particularly as a medical-use 
catheter, the bond in the transition section between the flexible 
section on the distal end, that is inserted into the body, and the 
stiff section at the proximal end becomes strong, so reliability 
of the medical equipment is increased, and it is possible to 
obtain a high-quality catheter where the length of the transition 
section is long enough to maintain the capability of being 
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threaded through arteries while at the same is short enough to 
improve operability, and where the quality of the resin in the 
tubing does not deteriorate. 
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